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A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
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after SIX (6) MONTHS from the mailing date of this communication. 
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

Responsive to communication(s) filed on 27 January 2006 . 
2a)D This action is FINAL. 2b)S This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1 935 CD. 1 1 , 453 O.G. 21 3. 

Disposition of Claims 

4) S Claim(s) 1-27 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) S Claim(s) 1-27 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) Q Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10)D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 
11 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

1 2)D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 1 9(a)-(d) or (f). 
a)D All b)D Some * c)Q None of: 

1 .□ Certified copies of the priority documents have been received. 

2. Q Certified copies of the priority documents have been received in Application No. . 

3. Q Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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DETAILED ACTION 

This office action is in response to the Request for Continued Examination filed on 
February 06, 2006. Currently claims 1-27 are pending. The claim rejection (claims 6 9 10, 11, 
16, 17, and 27 made under 35 USC 1 12 with withdrawn in view of the communication filed on 
January 3, 2006. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 1-13 and 14-21 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Jeon et al. (US Patent 6,174,748 Bl, Jeon hereinafter) in view of Yamamoto et al. (US 
6,030,540, Yamamoto hereinafter). 

Regarding claims 1, and 8-13 Jeon teaches an apparatus comprising a buried taped 
waveguide, referring to Fig. 2, reference number 14A, disposed in a semiconductor layer 10, and 
a tapered rib waveguide disposed in a semiconductor layer 29, the tapered rib waveguide 
including a rib portion adjoining a slab portion 16 A, the slab portion of the rib waveguide 
adjoining the buried tapered waveguide. As to the direction of the input light, Jeon teaches the 
apparatus is bidirectional wherein the coupling of input light is dependent on whether the user 
wishes to transform a large mode to a single mode or vice versa. Different mode coupling is 
performed by the tapering region wherein the light traveled through the larger or smaller end of 
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the mode converter, when the light reaches the tapering region the two different modes are 
coupled together and then passed on through to either a larger mode or a smaller mode (col. 1 , 
line 49-61). With regard to the lateral tapering of the rib waveguide, please the lateral tapering 
progression of elements 16A and 14A in Fig. 2. 

Regarding claims 2-5, the first and second cladding layers are a part of the semiconductor 
substrates made of indium phosphide layers (col. 3, line 22-27) wherein cladding layers are 
laterally grown onto the semiconductor substrate for the purpose of confining lights within the 
active light guiding layers. The buried tapered waveguide is also insulated within the cladding 
layers. See Fig. 2 for further details. 

Regarding claims 14-15, Jeon discloses the method of making a dual tapered waveguide. 
The etching process begins with etching on a semiconductor wafer (Fig. 3 A) through the first 
mask 3 1 and the etching of the buried taper waveguide is via a second mask 32 having a larger 
width end 36 and a smaller width end 34; growing an insulating layer about lOOnm to 200 nm 
thick of Si02. The etching process is then patterned the tapered rib waveguide in the silicon 
grown over the buried tapered waveguide such that a slab portion of the tapered rib waveguide 
adjoins the buried tapered waveguide having a larger end and a smaller end (Abstract and (col. 7, 
line 55 -col. 8, line 13)). 

However, Jeon does not explicitly teach the "vertical height of the buried tapered 
waveguide at the larger end and at a smaller end opposite the larger end are substantially 
similar." 

In teaching the method for producing tapered waveguide, Yamamoto demonstrated the 
improvement of his invention over the prior art (Figure 5A-5I). Yamamoto showed that by 
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removing the mask 53 at a predetermine rate, a vertical tapering is formed versus the prior art 
that maintain the mask 53 such that there is no vertical tapering. Yamamoto' s purpose for 
forming the vertical tapering is to further narrow the mode field on one end of the waveguide. 
However, when the vertical element of the mode field is not required to be converted then one of 
ordinary skill may retain the mask 53 and maintain a substantial similar height for the buried 
waveguide. 

Since Jeon and Yamamoto are from the same field of endeavor, the purpose disclosed by 
Yamamoto would have been recognized in the pertinent art of Jeon. 

It would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to maintain or remove the mask 53, as taught by Yamamoto. The 
motivation for removing the mask 53 is to keep the height at the substantially same height when 
the vertical element of the mode field is not critical or the mode field conversion requirement is 
not as stringent. 

Claims 6, 7, 10, 1 1, 16, 17-19, 26 and 27 rejected under 35 U.S.C. 103(a) as being 
unpatentable over Jeon and Yamamoto as applied to claims 1, 9, and 14 above, and further in 
view of Forrest et al. (US 6,819,814 B2 "Forrest" hereinafter). 

Together Jeon and Yamamoto discloses the invention of claims 1, 9, and 14 (see rejection 
above); however, Jeon and Yamamoto do not explicitly disclose the various defined tapering 
region and tapering rates. 
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FIG. 4 




Forrest's purpose for providing twin tapering waveguide such that when the waveguide is 
operated as a traveling-wave optical amplifier (TWA), there are paths for multiple passes to 
remove the even modes (col. 2, lines 40-48). 

Since Jeon, Yamamoto, and Forrest are from all from the same field of endeavor, the 
purpose disclosed by Yamamoto and Forrest et al. would have been recognized in the pertinent 
art of Jeon and Yamamoto. 

It would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to recognize the various tapering region can be provided by various sized 
masks used during etching to vary the tapering rates as taught by Forrest. The motivation for 
varying the tapering regions as taught by Forrest is the need for removal of mode interference 
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during coupling and the tapering method discloses by Forrest is most cost effective since the 
waveguide is fabricated on a single epitaxial structure. 

Claims 22-27 are rejected under 35 U.S.C. 103(a) as being unpatentable over Jeon in 
view of Yamamoto and Soljacic et al. (US 2003/0031443 Al). 

Jeon et al. teach a mode converter comprising a semiconductor substrate having dual tapered 
waveguides wherein there are regions of tapering having different tapering rates such that multi 
mode signal can be converted to single mode signal and vice versa. 

However, Jeon does not explicitly the vertical height of the buried waveguide is 
substantially the same nor does Jeon teach a system having an optical transmitter to transmit and 
optical beam and an optical receiver, nor does Jeon et al. explicitly disclose a photonic device 
optically coupled to the smaller end of the taper rib waveguide from the transmitter by the optical 
signal to be directed from the tapered rib waveguide through the photonic device to the optical 
receiver. 

In teaching the method for producing tapered waveguide, Yamamoto demonstrated the 
improvement of his invention over the prior art (Figure 5A-5I). Yamamoto showed that by 
removing the mask 53 at a predetermine rate, a vertical tapering is formed versus the prior art 
that maintain the mask 53 such that there is no vertical tapering. Yamamoto's purpose for 
forming the vertical tapering is to further narrow the mode field on one end of the waveguide. 
However, when the vertical element of the mode field is not required to be converted then one of 
ordinary skill may retain the mask 53 and maintain a substantial similar height for the buried 
waveguide. 
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Soljacic et al. teach coupling the tapered waveguide as a mode size converter to any 
optical devices such as a photonic integrated circuit (Fig. 21). Soljacic et al. further defines the 
coupling of tapered waveguide and a photonic integrated circuit as a bi-stable device since the 
efficiency confine the signal mode by converting a large mode field to a smaller mode field or 
vice versa enhances the axial confinement and the radial confinement of the optical signal, 
thereby, one can form optical cavities having high Q values and/or small modal volumes in the 
waveguides [0013]. Soljacic et al. further applied the bi-stable device as being applicable as an 
optical regenerator wherein the optical receiver sends its electrical output into an optical 
transmitter and the transmitter then relay a new optical signal into the fiber. Optical regenerator 
are used in long-haul transmission applications to remove unwanted effects such as dispersion, 
nonlinearities, and noise or any other effects that could corrupt the optical signal. When 
applying the bi-stable device into the optical regenerator, Soljacic et al. demonstrated the all 
optical signal output from the optical regenerator having definitively two states, high and low 
(Fig. 42). 

Since Jeon, Yamamoto, and Soljacic et al. are from all from the same field of endeavor, 
the purpose disclosed by Yamamoto and Soljacic et al. would have been recognized in the 
pertinent art of Jeon. 

It would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to provide a mean to control mode field conversion. By removing the 
mask, the mode field size may further be reduced in the vertical dimension or one of ordinary 
skill may choose to maintain the mask and substantially keep the same height for the buried 
waveguide when the conversion requirement is not as stringent. Also, it would have been 
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obvious to replace the tapered waveguide used by Soljacic et al. with a dual tapered waveguide 
taught by Jeon et al. to increase the coupling capability of various optical devices since a dual 
tapered waveguide may couple an input having any mode field size to one end and efficiently 
converting the mode such that coupling to the photonic integrated circuit is possible. 
Furthermore, one of ordinary skill in the art would know how to apply a taper waveguide as 
taught by Jeon or Yamamoto in an integrated system. The motivation for coupling the taper 
waveguide in an integrated system would have been for increasing the flexibility of optical 
elements that may be coupled to the bi-stable device needed in the long-haul transmission taught 
by Soljacic et al., since coupling different mode fields is made possible by the bi-stabile device, 
such that an all-optical output will definitively output only two states, high and low, that makes 
the transmission truly digital. 

Response to Arguments 

Applicant's arguments filed on February 6, 2006 have been fully considered but they are 
not persuasive. Applicant's only arguments are: 

1 . Jeon fails to disclose a buried tapered waveguide and a tapered rib waveguide. 

2. Jeon's waveguide is not bidirectional and cannot perform mode transformation. 

The examiner's responses are as followed: 

1 . The examiner respectfully requests the applicant to differentiate the two following 
figures and also to provide support in the Specification the functional, structural, 
and material difference between the tapered rib waveguide and the buried taper 
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waveguide and furthermore to explain the point of reference of where surrounding 
material of the buried tapered waveguide begins and ends. The block diagram of 
Fig. 1 and claim 1 do not sufficiently overcome Jeon in view of Yamamoto 
teaching. Since applicant's Fig. 1 is not drawn to scale the examiner considers 
applicant's argument of novelty of claim 1 is solely based on applicant's 
lexicography. 




Applicant's Fig. 1 



Jeon's Fig. 1 




F/G._ 1 
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2. Regarding the argument that Jeon's tapered waveguide 10 is not capable for light 
to propagate in the forward and backward direction, depending on the placement 
of the light source, along the same axis is spurious because the physics of light 
allows the path of light to travel in any direction that is not restricted. Since the 
waveguide guides the electromagnetic wave front in the z-axis, thus depending on 
the light source launching the optical beam into the waveguide, the wave front 
will propagate in either directions (+z or -z) and is well understood in the reduced 
Maxwell's equation below 

X n I 

Az = ^^ == ^^- 

2tW NA 2 - n, 2 cos 2 (p) 

It is a well-known fact that when tapered waveguide operates as a mode 
converter, it is only useful when the converter is capable of converting from a 
large size mode to a small size mode and vice versa. Please see Zhou et al. (US 
2003/00441 18 Al) in paragraph [0176] for further reference on the 
bidirectionality of a mode converter comprising tapered waveguide. Furthermore, 
in col. 6, lines 11-16 recites "[djevice 10 may be a semiconductor laser structure" 
which clearly indicates the single -directionality applies when the waveguide is 
implemented as a laser. The examiner respectfully reemphasize that it is the 
nature of light to be bidirectional because even when the waveguide is 
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implemented as a laser structure, an optical isolator is required to prevent the back 



reflected light to travel back into the laser and destabilizing the lasing scheme. 



Conclusion 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Erin D. Chiem whose telephone number is (571) 272-3102. The 
examiner can normally be reached on Monday - Thursday 9AM - 5PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Frank G. Font can be reached on (571) 272-2415. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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